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CATHETER POSITIONING SYSTEM

RELATED APPLICATTONS

This application claims priority under 35 U.S.C. §119(¢)
to Provisional Application No. 60/133,807, filed on May 11,

1999.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a system adapted to
position an ablation catheter at a location where a pulmonary
vein extends from the left atrium.

2. Description of the Related Art

Cardiac arrhythmia’s, particularly atrial fibrillation, are a
pervasive problem 1n modern society. Although many 1ndi-
viduals lead relatively normal lives despite persistent atrial
fibrillation, the condition 1s associated with an increased risk
of myocardial 1schemia, especially during strenuous activity.
Furthermore, persistent atrial fibrillation has been linked to
congestive heart failure, stroke, and other thromboembolic
events. Thus, atrial fibrillation 1s a major public health
problem.

Normal cardiac rhythm 1s maintained by a cluster of
pacemaker cells, known as the sinoatrial (“SA”) node,
located within the wall of the right atrtum. The SA node
undergoes repetitive cycles of membrane depolarization and
repolarization, thereby generating a continuous stream of
clectrical impulses, called “action potentials.” These action
potentials orchestrate the regular contraction and relaxation
of the cardiac muscle cells throughout the heart. Action
potentials spread rapidly from cell to cell through both the
rigcht and left atria via gap junctions between the cardiac
muscle cells. Atrial arrhythmia’s result when electrical
impulses originating from sites other than the SA node are
conducted through the atrial cardiac tissue.

In most cases, atrial fibrillation results from perpetually
wandering reentrant wavelets, which exhibit no consistent
localized region(s) of aberrant conduction. Alternatively,
atrial fibrillation may be focal 1n nature, resulting from rapid
and repetitive changes 1n membrane potential originating
from 1solated centers, or foci, within the atrial cardiac
muscle tissue. These foci exhibit consistent centrifuigal
patterns of electrical activation, and may act as either a
trigger of atrial fibrillatory paroxysmal or may even sustain
the fibrillation. Recent studies have suggested that focal
arrhythmia’s often originate from a tissue region along the
pulmonary veins of the left atrium, and even more particu-
larly 1n the superior pulmonary veins.

Several surgical approaches have been developed for the
treatment of atrial fibrillation. For example, Cox, J L et al.
disclose the “maze” procedure, 1n “The Surgical Treatment
Of Atrial Fibrllation. I. Summary”, Thoracic and Cardio-
vascular Surgery 101(3):402—-405 (1991) and “The Surgical
Treatment Of Atrial Fibrillation. IV. Surgical Technique”,
Thoracic and Cardiovascular Surgery 101(4):584-592
(1991). In general, the maze procedure is designed to relieve
atrial arrhythmia by restoring effective SA node control
through a prescribed pattern of incisions about the cardiac
fissue wall. Although early clinical studies on the maze
procedure 1ncluded surgical incisions 1n both the right and
left atrial chambers, more recent reports suggest that the
maze procedure may be effective when performed only 1n

the left atrium (see for example Sueda et al., “Simple Left
Atrial Procedure For Chronic Atrial Fibrillation Associated

With Mitral Valve Disease” (1996)).
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The left atrial maze procedure mvolves forming vertical
incisions from the two superior pulmonary veins and termi-
nating 1n the region of the mitral valve annulus, traversing
the imferior pulmonary veins en route. An additional hori-
zontal 1ncision connects the superior ends of the two vertical
incisions. Thus, the atrial wall region bordered by the
pulmonary vein ostia 1s 1solated from the other atrial tissue.
In this process, the mechanical sectioning of atrial tissue
climinates the atrial arrhythmia by blocking conduction of
the aberrant action potentials.

The moderate success observed with the maze procedure
and other surgical segmentation procedures have validated
the principle that mechanically 1solating cardiac tissue may
successtully prevent atrial arrhythmia’s, particularly atrial
fibrillation, resulting from either perpetually wandering
reentrant wavelets or focal regions of aberrant conduction.
Unfortunately, the highly invasive nature of such procedures
may be prohibitive in many cases. Consequently, less inva-
sive catheter-based approaches to treat atrial fibrillation
through cardiac tissue ablation have been developed.

These less invasive catheter-based therapies generally
involve introducing a catheter within a cardiac chamber,
such as 1n a percutaneous translumenal procedure, wherein
an energy sink on the catheter’s distal end portion 1s posi-
tioned at or adjacent to the aberrant conductive tissue. Upon
application of energy, the targeted tissue 1s ablated and
rendered non-conductive.

The catheter-based methods can be subdivided into two
related categories, based on the etiology of the atrial arrhyth-
mia. First, focal arrhythmias have proven amenable to
localized ablation techniques, which target the foci of aber-
rant electrical activity. Accordingly, devices and techniques
have been disclosed which use end-electrode catheter
designs for ablating focal arrhythmia’s centered in the
pulmonary veins, using a point source of energy to ablate the
locus of abnormal electrical activity. Such procedures typi-
cally employ incremental application of electrical energy to
the tissue to form focal lesions.

The second category of catheter-based ablation methods
1s designed for treatment of the more common forms of atrial
fibrillation, resulting from perpetually wandering reentrant
wavelets. Such arrhythmias are generally not amenable to
localized ablation techniques, because the excitation waves
may circumnavigate a focal lesion. Thus, the second class of
catheter-based approaches have generally attempted to
mimic the earlier surgical segmentation techniques, such as
the maze procedure, wherein continuous linear lesions are
required to completely segment the atrial tissue so as to
block conduction of the reentrant wave fronts.

For the purpose of comparison, ablation catheter devices
and related methods have also been disclosed for the treat-
ment of ventricular or supraventricular tachycardias, such as
disclosed by Lesh, MD 1n “Interventional
Electrophysiology—State Of The Art, 1993”7 American
Heart Journal, 126:686—698 (1993) and U.S. Pat. No.
5,231,995 to Desai.

While feasible catheter designs for imparting linear abla-
tion tracks have been described, as a practical matter, most
of these catheter assemblies have been difficult to position
and maintain placement and contact pressure long enough
and 1n a sufliciently precise manner in the beating heart to
successtully form segmented linear lesions along a chamber
wall. Indeed, many of the aforementioned methods have
generally failed to produce closed transmural lesions, thus
leaving the opportunity for the reentrant circuits to reappear
in the gaps remaining between point or drag ablations. In
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addition, minimal means have been disclosed 1n these
embodiments for steering the catheters to anatomic sites of
interest such as the pulmonary veins.

None of the catheter-based ablation assemblies disclose a
system adapted for positioning one end of a linear ablation
clement within a first ostium of a first pulmonary vein and
the other end of the ablation element within a second ostium
of a second pulmonary vein. Nor does the prior art disclose
a method for securing the ablation element between a first
and second anchor, thereby maintaining a desired linear
position 1n contact with the atrial wall and facilitating the
formation of a linear ablation track along the length of tissue
between the anchors.

SUMMARY OF THE INVENTION

The present invention relates to a positioning system for
cuiding a catheter to a location where a pulmonary vein
extends from an atrium. The system comprises a deflection
device, a sheath adapted to be deflected by the deflection
device, and a guidewire. The deflection device can be
removably engaged within the sheath. The sheath and
deflection device cooperate to facilitate positioning of the
cguidewire within the pulmonary vein when the guidewire 1s
advanced through the sheath and into the atrium.

In accordance with this mode, the deflection device com-
prises a pre-shaped stylet. In addition or i1n the alternative,
the deflection device comprises a pre-shaped tubular guide
member.

In one variation of the positioning system, the deflection
device 1s imtegral with the sheath. The sheath preferably
comprises proximal and distal ends and a moveable pullwire
attached to the distal end of the sheath. The proximal end of
the sheath 1s adapted to facilitate manipulation of the

pullwire, such that manipulation of the pullwire causes
deflection of the distal end of the sheath.

In another variation of the positioning system, the deflec-
tion device 1s integral with the catheter, wherein the catheter
further comprises proximal and distal ends and a moveable
pullwire attached to the distal end of the catheter, and
wheremn the proximal end of the catheter 1s adapted to
facilitate manipulation of the pullwire, such that manipula-
tion of the pullwire causes deflection of the distal end of the
catheter.

In a variation to the present mode, the catheter comprises
an electrode element. The electrode element may be a
mapping clectrode, an ablation electrode, or both a mapping
electrode and an ablation electrode. In one mode, the elec-
trode element may be an RF ablation element.

Where the catheter comprises an ablation element, the
ablation element may be selected from the group consisting
of a microwave ablation element, a cryogenic ablation
clement, a thermal ablation element, a light-emitting abla-
tion element, and an ultrasound transducer. The ablation
clement may be adapted to form a linear lesion, a circum-
ferential lesion, or both.

In a variation to this mode, the guidewire may be selected
from the group consisting of a guidewire, an anchor wire,
and a deflectable guidewire. The anchor wire comprises an
clongate body with proximal and distal end portions and
having an expandable member along the distal end portion,
such that radial expansion of the expandable member is
adapted to anchor the guidewire within the pulmonary vein.

In accordance with another mode of the present invention,
a positioning system 1s disclosed for guiding an ablation
catheter to a location where a lumen extends from a body
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cavity. The positioning system comprises a detlection device
and a transeptal sheath. The deflection device 1s adapted to
be removably engaged within the sheath, whereby the sheath
and detlection device cooperate to facilitate positioning of
the ablation catheter at.the location when the catheter is
advanced through the sheath and into the body cavity and
oguided toward the location.

The deflection device may comprise a pre-shaped stylet or
a pre-shaped tubular guide member. The deflection device
may also be integral with the sheath, wherein the sheath
comprises proximal and distal ends and a moveable pullwire
attached to the distal end of the sheath, and wherein the
proximal end of the sheath 1s adapted to facilitate manipu-
lation of the pullwire, such that manipulation of the pullwire
causes deflection of the distal end of the sheath.

In a variation to this mode, the deflection device 1s
integral with the catheter, wherein the catheter further com-
prises proximal and distal ends and a moveable pullwire
attached to the distal end of the catheter, and wherein the
proximal end of the catheter 1s adapted to facilitate manipu-
lation of the pullwire, such that manipulation of the pullwire
causes deflection of the distal end of the catheter.

The ablation catheter comprises an ablation element,
which may be selected from the group consisting of a
microwave ablation element, a cryogenic ablation element,
a thermal ablation element, a light-emitting ablation
element, and an ultrasound transducer. The ablation element
may be adapted to form a linear lesion, a circumierential
lesion, or both.

In accordance with another mode of the present invention,
a positioning system 1s disclosed for guiding an ablation
catheter to a location where a pulmonary vein extends from
an atrium. The system comprises a deflection device and a
transeptal sheath having proximal and distal ends, wherein
the deflection device 1s removably positionable within the
transeptal sheath without extending beyond the distal end of
the sheath.

In a variation to this mode of the mmvention, the deflection
device comprises a pre-shaped stylet. In addition or in the
alternative, the deflection device may comprise a pre-shaped
tubular guide member.

In another variation of the positioning system, the deflec-
tion device 1s integral with the sheath. The sheath preferably
comprises proximal and distal ends and a moveable pullwire
attached to the distal end of the sheath. The proximal end of
the sheath 1s adapted to facilitate manipulation of the
pullwire, such that manipulation of the pullwire causes
deflection of the distal end of the sheath.

In another variation of the positioning system, the deflec-
tion device 1s 1integral with the catheter, wherein the catheter
further comprises proximal and distal ends and a moveable
pullwire attached to the distal end of the catheter, and
wherein the proximal end of the catheter 1s adapted to
facilitate manipulation of the pullwire, such that manipula-
tion of the pullwire causes deflection of the distal end of the
catheter.

In another variation of the present mode, the catheter
comprises an electrode element. The electrode element may
be a mapping electrode, an ablation electrode, or both a
mapping electrode and an ablation electrode. In one mode,
the electrode element may be an RF ablation element.

Where the catheter comprises an ablation element, the
ablation element may be selected from the group consisting
of a microwave ablation element, a cryogenic ablation
clement, a thermal ablation element, a light-emitting abla-
tion element, and an ultrasound transducer. The ablation
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clement may be adapted to form a linear lesion, a circum-
ferential lesion, or both.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a variation of the guiding
introducer of the present invention 1n which the mtroducer
has a slit that extends along the entire length of the tubular
member.

FIGS. 2A-D are transverse cross-sectional views, taken
along line 2—2, showing various configurations for the
longitudinal slit.

FIG. 3 1s a perspective view of a variation of the peel-
away guiding introducer, in which the guiding introducer 1s
mounted on the distal end of a mandrel.

FIG. 4 1s a perspective view of a deflectable guidewire in
accordance with the present invention.

FIG. 5 1s a perspective view of another variation of the
deflectable guidewire of the present invention having a
removable handle.

FIG. 6 1s a schematic view of a variation of the positioning
system of the present invention showing a deflectable
cuidewire slideably engaged within a preshaped guiding
introducer slideably engaged within a transeptal sheath.

FIG. 7 1s a schematic view of a variation of the catheter
positioning system of the present invention in situ, showing,
the distal end of the ablation catheter tracking over a balloon
anchor wire into the first pulmonary vein and a preshaped
cuiding mntroducer extending from a second guidewire port
in the ablation catheter and directing a second guidewire into
the second pulmonary vein.

FIG. 8 1s a schematic view of another variation of the
catheter positioning system of the present invention 1n situ,
showing the distal end of the ablation catheter tracking over
the balloon anchor wire 1nto the first pulmonary vein and a
deflectable guidewire extending from a second guidewire
port 1n the ablation catheter and cannulating the second
pulmonary vein.

FIG. 9 1s a longitudinal cross-sectional view of an anchor
device 1n accordance with a preferred mode of the present
invention, showing an over-the-wire catheter with an ultra-
sound ablation element positioned along the distal end
portion within an expandable member.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The 1nvention relates to a system for positioning an
ablation catheter within the left atrium. More specifically,
the positioning system of the present invention 1s adapted to
position and anchor the distal end of an ablation element
within the first ostium of a first pulmonary vein and the
proximal end of the ablation element within the second
ostium of a second pulmonary vein. Preferably, the system
includes a transeptal sheath inserted through an atrial septum
that separates a right atrium from a left atrium. In one
variation, a guiding introducer slideably engaged within the
transeptal sheath has a preshaped distal portion adapted to
point toward the first ostium of the first pulmonary vein. The
preferred positioning system also incorporates a balloon
anchor wire that 1s advanced through the preshaped guiding
mtroducer and into the first pulmonary vein. The balloon
anchor wire 1s anchored within the pulmonary vein by
inflating a balloon on the distal end of the balloon anchor
wire. The preshaped guiding introducer can then be retracted
and removed from the balloon anchor wire by sliding off the
proximal end or 1 a variation, by peeling away from the
balloon anchor wire.
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Alternatively, the balloon anchor wire may be replaced by
a conventional guidewire or preferably, a deflectable
cuidewire adapted to permit the user to control the deflection
of the distal portion, such that the deflectable guidewire can
be advanced and steered into position for engaging the first
pulmonary vein. The deflectable guidewire may be mnserted
cither directly through the transeptal sheath or through a
preshaped guiding introducer slideably engaged 1n the tran-
septal sheath. Deflection of the distal portion of the
cuidewire, once within the first pulmonary vein, may serve
to anchor the guidewire within the pulmonary vein. In this
case, the deflectable guidewire would take the place of the
balloon anchor wire described above.

The ablation catheter in accordance with the present
invention has an ablation element with an ablation length
extending proximally from the distal portion of the ablation
catheter. The ablation catheter 1s adapted to shideably engage
the balloon anchor wire or the deflectable guidewire within
an 1nternal passageway or an external sleeve, the guidewire
tracking means having a distal port located distal to the distal
end of an ablation element. The ablation catheter may be
introduced into the left atrium by tracking over the balloon
anchor wire or the deflectable guidewire, whereby advanc-
ing the ablation catheter over the balloon anchor wire or the
deflectable guidewire causes the distal end of the ablation
clement to engage the first pulmonary vein.

The ablation catheter preferably also has a second
cuidewire tracking means, comprising either an internal
passageway or an external sleeve, with a second port located
proximal to the proximal end of the ablation element. In one
variation, a second guidewire preloaded and slideably
engaged within the second guidewire passageway of the
ablation catheter may be advanced directly out of the second
cguidewire port and 1nto the second pulmonary vein.

Preferably, a second preshaped guiding introducer, pre-
loaded and slideably engaged within the second guidewire
passageway ol the ablation catheter 1s advanced out of the
proximal guidewire port and positioned in such a manner as
to direct the second guidewire, slideably engaged within the
ouiding introducer, toward the second pulmonary vein. The
second guiding introducer may optionally be advanced into
the osttum of the second pulmonary vein, thereby 1nsuring
that the second guidewire cannulates the vein.

Alternatively, a steerable, deflectable guidewire may be
preloaded and slideably engaged within the second
ouidewire passageway 1n the ablation element. In this
variation, the proximal end of the deflectable guidewire 1s
adapted to permit the user to control the detlection of the
distal portion, such that the deflectable guidewire can be
advanced and steered 1nto position for engaging the second
pulmonary vein. Deflection of the distal portion of the
deflectable guidewire once within the second pulmonary
vein may anchor the guidewire and thereby provide a better
placement of the proximal end of the ablation element.

In another embodiment, the second guidewire may be fed
into the second pulmonary vein prior to mftroducing the
ablation catheter. A second guiding introducer with a pre-
shaped distal end adapted to point toward the second pul-
monary vein may be used to advance the second guidewire
into the pulmonary vein. Where a balloon anchor wire and
a guidewire have been positioned within the respective first
and second pulmonary veins, the ablation catheter may then
be 1nserted over the two wires and fed into the left atrrum
through the transeptal sheath. Advancing the distal portion
of the ablation catheter over the:.balloon anchor wire, which
1s anchored within the first pulmonary vein, causes the distal
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end of the ablation element to be positioned within and
anchored to the first osttum of the first pulmonary vein.
Further advancing the ablation catheter over the second
cuidewire which 1s located within the second pulmonary
vein causes the proximal end of the ablation element to
engage the second ostium of the second pulmonary vein,
thereby securing the ablation length against the atrial wall
between the first and second pulmonary vein ostia.

It 1s contemplated that the subject matter disclosed herein
may be combined with various embodiments which have
formed the subject matter of other contemporaneous or
previous patent filings, including without limitation the
embodiments shown and described 1n the following 1ssued
patents and filed provisional and non-provisional U.S.
Patent Applications:

(1) U.S. patent application Ser. No. 08/853,861 filed May
9, 1997 for “Tissue Ablation Device And Method Of
Use”, now U.S. Pat. No. 5,971,983;

(2) U.S. patent application Ser. No. 08/889,798 filed Jul.
8, 1997 for “Circumferential Ablation Device
Assembly”, now U.S. Pat. No. 6,024,740;

(3) U.S. patent application Ser. No. 08/889,835 filed Jul.
8, 1997 for “Device And Method For Forming A
Circumferential Conduction Block In A Pulmonary

Vein”, now U.S. Pat. No. 6,012,457;

(4) U.S. patent application Ser. No. 09/073,907 filed May

06, 1998 for “Tissue Ablation Device With Fluid Irri-
cgated Electrode”;

(5) U.S. patent application Ser. No. 09/199,736 filed Nov.
25, 1998 for “Circumfierential Ablation Device Assem-
bly”;

(6) U.S. patent application Ser. No. 09/240,068 filed Jan.
29, 1999 for “Device And Method For Forming A
Circumierential Conduction Block In A Pulmonary
Vein”;

(7) U.S. patent application Ser. No. 09/260,316 filed Mar.
1, 1999 for “Tissue Ablation System And Method For
Forming Long Linear Lesion™;

(8) Provisional U.S. Application No. 60/122,571, Filed on
Mar. 2, 1999 for “Feedback Apparatus And Method For

Ablation At Pulmonary Vein Ostium”;

(9) Provisional U.S. Application No. 60/125,509, filed
Mar. 19, 1999 for “Circumferential Ablation Device
Assembly And Methods Of Use And Manufacture
Providing An Ablative Circumierential Band Along An
Expandable Member”;

(10) Provisional U.S. Application No. 60/125,928, filed
Mar. 23, 1999 for “Circumferential Ablation Device
Assembly And Methods Of Use And Manufacture
Providing An Ablative Circumferential Band Along An
Expandable Member™;

(11) Provisional U.S. Application No. 60/133,610, filed
May 11, 1999 for “Balloon Anchor Wire”;

(12) Provisional U.S. Application No. 60/133,680, filed
May 11, 1999 for “Apparatus And Method Incorporat-
ing An Ultrasound Transducer”;

(13) Provisional U.S. Application No. 60/133,677, filed
May 11, 1999 for “Tissue Ablation Device Assembly
And Method For Electrically Isolating A Pulmonary
Vein Ostium From A Posterior Left Atrial Wall”; the
disclosures of these references are herein incorporated
in their entirety by reference.

Preshaped Guiding Introducer

With reference to FIG. 1, there 1s shown a perspective

view of a “peel-away” variation of the guiding introducer
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10. The guiding introducer 10 consists of a tubular member
12 with a preshaped distal region 14 and a removable hub 16
on the proximal end 18 of the tubular member. The tubular
member 12 has a slit 20 that extends along the entire length
of the tubular member. The distal region 14 of the guiding
introducer 1s preshaped so that the distal orifice 22 can be
positioned to point toward a selected pulmonary vein by
adjustably advancing and retracting the guiding introducer
10 through a transeptal sheath and by torquing the proximal
end 18 of the guiding introducer.

The guiding introducer 1in accordance with the present
invention may have any shape consistent with the purpose of
the guiding introducer to direct a guidewire toward a pre-
determined pulmonary vem. Once the guidewire has been
placed 1n the pulmonary vein, the guiding mtroducer shown
in FIG. 1 1s adapted to be peeled away from the guidewire
by removing the proximal hub and opening the tubular
member along the longitudinal slit 20. FIGS. 2A-D are
fransverse cross-sectional views, taken along line 2—2,
showing various configurations for the longitudinal slit. In
other embodiments, the guiding introducer can be retracted
and removed from the coaxially engaged guidewire by
sliding off the proximal end of the guidewrire.

The tubular member, or parts thereof, could be fashioned
from a wide variety of polymeric materials including,
polyimide, nylon, Pebax, polyethylene, or PVC. The proxi-
mal shaft could be made from stiffer materials such as nickel
fitanium or stainless steel. The shaft could be of composite
construction, incorporating braided strands that help provide
torque transmission. Such strands could consist of materials
including flat or round metallic wire (i.e., stainless steel),
dacron and kevlar.

The tubular guiding introducer may have a permanently
mounted luer on the proximal end that allows easy front-
loading of the guidewire and flushing of the lumen.
However, backloading of the ablation catheter over the
ouiding introducer may be preferred, requiring a removable
(or none at all) proximal hub or adapter, as illustrated in FIG.
1. Such a removable hub or adapter could consist of a luer
with collapsible O-ring seal.

Dimensions of the device would depend on the guidewire
being accommodated. Typical guidewires to be used would
range 1n diameter from about 0.014" to 0.038". The 1nterior
lumen typically adds about 0.004" to 0.010" to these sizes.
Wall thicknesses could range from about 0.002" to 0.012".
Device length would range from about 90 cm to about 300
cm depending on the need for backloading the catheter
device over the guiding introducer. The outer diameter of the
ouiding introducer 1s approximately 5—10 F, preferably
about 7 F, thereby permitting the guiding introducer to enter
the left atrium by sliding within a transeptal sheath. Where
the guiding introducer 1s to be employed for guiding the
second guidewire 1nto the second pulmonary vein, the outer
diameter of the guiding 1introducer 1s preferably about 4-5 F,
thereby permitting the guiding introducer to slide within the
second guidewire passageway 1n the ablation catheter and
exit the ablation catheter via the second guidewire port.

With reference to FIG. 3, there 1s shown another variation
of a peel-away guiding introducer of the present invention in
which a monorail guide system 1s employed. The proximal
end 26 of the tubular member 12 is secured to the distal end
24 of a mandrel or hypotube 28. As described above with
reference to FIG. 1, the distal region 14 1s preshaped to point
toward a predetermined site and the tubular member has a
longitudinal slit 20 to facilitate peel-away removal. The
ouiding introducer 10, preloaded with a guidewire, is
advanced through the transeptal sheath. The guide can be
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advanced, retracted and/or torqued 1f necessary by manipu-
lation of the mandrel or hypotube 28 to direct the distal
opening 22 toward the selected pulmonary vein. The
cguidewire 1s then advanced directly into the vein. The guide
1s adapted to be removed by partially retracting and peeling
away from-the guidewire.

Deflectable Member

An embodiment of the positioning system may employ a
deflectable member. Devices such as deflectable guidewires
arec commercially available. With reference to FIG. 4, the
deflectable guidewire 30 consists of a tubular wire wound
coill 32 surrounding a moveable pullwire (not shown)
attached to the coil at the distal end. A flattened member (not
shown) is also typically incorporated into the distal lumen.
Manipulation of the corewire by operation of the control
lever 34 mounted on the handle 36 that 1s attached to the
proximal end 37 of the deflectable guidewire 30 causes the
tubular wire wound coil 32 to compress and deflect.

Another variation of the positioning system of the present
invention may employ a deflectable member with a remov-
able handle, as shown 1n FIG. 5. With reference to FIG. §,
the deflectable guidewire 38 consists of a tubular member 40
made from a wire wound coil surrounding a moveable
pullwire. The distal end of the pullwire (not shown) is
attached internally to the distal end 42 of the tubular member
40. The proximal end 44 of the pullwire, which extends
beyond the externally threaded proximal end 46 of the
tubular member 40, has a enlarged stop or ball 48 that is
engaged within a recess 50 1n the shaft 52 of a pullknob 54.
The shaft 52 of the pullknob 54 1s slideably engaged within
a bore 56 1n the proximal region 38 of a handle 60. The distal
region 62 of the handle 60 i1s tapered and includes an
internally threaded hole 64 adapted to receive the externally
threaded proximal end 46 of the tubular member 40. Pulling
on the pullknob 54 causes the tubular member 40 to deflect.
Balloon anchor wire

In a preferred variation of the present invention, a balloon
anchor wire 1s placed in the first pulmonary vein in order to
serve as a guide for the distal end of the ablation element. An
exemplary balloon anchor wire 1n accordance with the
present mvention 1s described 1 pending provisional appli-
cation Ser. No. 60/133,610, herein incorporated by refer-
ence. The balloon anchor wire consists of a tubular member
with a balloon attached to the distal region of the tubular
member. The tubular member 1s fitted over an integral
corewire. The corewire extends through the entire length of
the tubular member, providing support (e.g., enhancing push
force and kink resistance). The distal region of the corewire
1s tapered providing greater flexibility to the distal region of
the tubular member. The distal end of the corewire 1s bonded
to the distal end of the tubular member. The bond between
the corewire and the tubular member 1s airtight, so that the
balloon can be inflated. A wire coil may be placed over the
distal end of the corewire to help provide support to the
corewire and prevent kinking. Preferably, the wire coil
protrudes distally from the balloon to aid i1n atraumatic
navigation of vessel branches.

Where the corewire extends only partially through the
tubular member, 1t may terminate anywhere proximal to the
balloon. In this variation, the tubular member may comprise
distinct proximal, intermediate, and distal regions, 1n which
the corewire terminates 1n the proximal region of the tubular
member. In such case, the proximal region of the tubular
member 1s constructed of a heavier gage polymer, capable of
providing the necessary push force and kink resistance,
which 1s provided by the corewire 1n the continuous
corewire design.
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The wall of the distal region of the tubular member, which
1s supported by the integral corewire, 1s composed of a
relatively thick layer (about 0.005" to about 0.015", prefer-
ably about 0.010" to 0.012") of low density polymer, such as
polyethylene, from which the balloon 1s formed. In contrast,
the wall of the intermediate region of the tubular member,
which 1s also supported by the integral corewire, 1s com-
posed of a much thinner layer (about 0.001" to about 0.010",
preferably about 0.004" to 0.005") of a higher density
polymer, such as polyimide. The wall of the proximal region
of the tubular member, which i1s not supported by an
underlying corewire, 1s composed of the same high density
polymer as the intermediate region, but of a thickness (about
0.005" to about 0.015", preferably about 0.010" to 0.012")
like that of the distal region. The thicker gage high-density
polymer construction 1s necessary in the proximal region
absent a continuous corewire, in order to provide suflicient
pushing force. In the preferred continuous corewire design,
the walls of the tubular member may be constructed out of
the same polymeric material of approximately the same gage
along the entire length of the balloon anchor wire.
Consequently, there may be no distinct regions, having
instead only relative proximal and distal regions.

The 1nside diameter of the tubular member is sufficiently
large 1n relation to the outer diameter of the corewire along
the enfire length of the tubular member that an inflation
lumen 1s created between the inner wall of the tubular
member and the outer surface of the corewire in the inter-
mediate and distal regions of the tubular member. In the
proximal region, where no corewire 1s present, the inflation
lumen comprises the entire lumen of the tubular member. In
another variation of the balloon anchor wire, a separate
inflation lumen may reside within the balloon anchor wire or
along the outside of the balloon anchor wire. An inflation
medium (i.e., air, saline or contrast) can be passed through
the inflation lumen to inflate the balloon.

An over-the-wire variation of the balloon anchor wire of
the present invention consists of a tubular member and a
distally located balloon. However, a guidewire 1s slideably
engaged within a guidewire passageway that runs longitu-
dinally through the entire length of the balloon anchor wire.
An 1nflation lumen 1s also present between the mner wall of
the tubular member and the outer wall of the guidewire
passageway to permit balloon inflation and deflation as
described above.

The balloon anchor wire of the present mmvention has a
removable adapter on 1its proximal end. The shaft of the
balloon anchor wire has a proximal end that 1s 1nserted into
the distal end of the adapter and 1s engaged therein by a
distal O-ring. The distal O-ring can be adjustably tightened
and loosened on the proximal end of the shaft by turning the
distal knob that 1s threaded onto the distal end of the adapter.
The corewire may exit the proximal end of the adapter. A
proximal O-ring engages the corewire. The proximal O-ring
can be adjustably tightened and loosened on the corewire by
turning the proximal knob that 1s threaded onto the proximal
end of the adapter. A fluid port 1s in fluild communication
with the inflation lumen created between the outer surface of
the corewire and the inner wall of the tubular member,
thereby allowing inflation and deflation by conventional
means of the balloon along the distal region of the balloon
anchor wire when the proximal and distal O-rings are
tightened.

Linear Ablation Catheter

Exemplary variations of the tissue ablation catheter com-

prise the ablation assemblies described 1n pending applica-

tion Ser. Nos. 09/260,316 and 09/073,907, the disclosures of
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which are herein incorporated by reference. The ablation
assembly 1ncludes an wrrigated ablation member that 1s
attached to a delivery member 1n order to access and position
the ablation member at the site of the target tissue. The
delivery member may take the form of an over-the-wires
catheter, wherein the “wires” 1nclude first and second
cuidewires. Preferably, the first guidewire 1s a balloon
anchor wire or a deflectable guidewire. Alternatively, the
wires may be engaged by external tracking sleeves. The
delivery member comprises an elongated body with proxi-
mal and distal end portions. As used herein, the terms
“distal” and “proximal” are used 1n reference to a source of
fluid located outside the body of the patient. The elongated
body preferably includes a first guidewire lumen, a second
cguidewire lumen, an electrical lead lumen and a fluid lumen,
as described 1n greater detail below.

Each lumen extends between a proximal port and a
respective distal end. The distal ends of the lumens extend
through the ablation member, as described 1n greater detail
below. Although the wire, fluid and electrical lead lumens
may assume a side-by-side relationship, the elongated body
can also be constructed with one or more of these lumens
arranged 1n a coaxial relationship, or in any of a wide variety
of configurations that will be readily apparent to one of
ordinary skill in the art.

The elongated body of the delivery member and the
distally positioned ablation member desirably are adapted to
be 1ntroduced into the left atrrum, preferably through the
transeptal sheath. Therefore, the distal end portion of the
clongated body and the ablation member are sufficiently
flexible and adapted to track over and along the guidewires
positioned within the left atrtum, and more preferably seated
within two of the pulmonary veins that communicate with
the left atrium. In an exemplary construction, the proximal
end portion of the elongated body 1s constructed to be at
least 30% stiffer than the distal end portion. According to
this relationship, the proximal end portion may be suitably
adapted to provide push transmission to the distal end
portion while the distal end portion and the ablation member
are suitably adapted to track through bending anatomy
during 1n vivo delivery of the ablation member into the
desired ablation region.

A more detailed construction for the components of the
clongated body, which 1s believed to be suitable for use 1n
transeptal left atrial ablation procedures, 1s as follows. The
clongated body itself may have an outer diameter provided
within the range of from about 3 French to about 11 French,
and more preferably from about 7 French to about 9 French.
Each wire lumen may be adapted to slideably receive a
preshaped guiding introducer. Further the wire lumens are
adapted to slideably receive a balloon anchor wire, a con-
ventional guidewire and/or a deflectable guidewire ranging,
from about 0.010" to about 0.038" 1n diameter, and prefer-
ably are adapted for use with guidewires ranging from about
0.018" to about 0.035" 1n diameter. Where a 0.035" diameter
balloon anchor wire 1s to be used, the balloon anchor wire
lumen desirably has an inner diameter of 0.040" to about
0.042". In addition, the fluid lumen desirably has an i1nner
diameter of about 0.019" 1n order to permit ample irrigation
of the ablation member.

The elongated body comprises an outer tubular member
that preferably houses an electrical lead tubing, a fluid
tubing, a first guidewire tubing and a second guidewire
tubing. Each of the tubings extends at least from the proxi-
mal end portion of the elongated body to the distal end
portion, and at least partially through the ablation member,
as described below. The tubings are arranged 1n a side-by-

10

15

20

25

30

35

40

45

50

55

60

65

12

side arrangement; however, as noted above, one or more of
the tubings can be arranged 1n a coaxial arrangement.
Moreover, one or both of the wire tracking means could be
located outside of the tubular member, as tubular sleeves. In
onc mode, the inner tubings are polyimide tubes. Such
tubing 1s available commercially from Phelps Dodge, of
Trenton, Ga. The electrical lead and fluid tubings desirably
have a 0.019" 1nner diameter and a 0.023" outer diameter,
while the wire tubings are slightly larger, as indicated above.
The outer tubular member comprises a thermoplastic, such
as, for example, a urethane or vinyl material. A suitable
material for this application 1s Pebax of a grade between
3533 to 7233, and of an outer diameter of about 0.064".

Notwithstanding the specific delivery device construc-
tions just described, other delivery mechanisms for deliver-
ing the ablation member to a desired ablation region are also
contemplated. For example, while an “over-the-wire” cath-
cter construction was described, other guidewire tracking
designs may also be suitable substitutes, such as for example
catheter devices known as “rapid exchange” or “monorail”
variations wherein the guidewire 1s only housed within a
lumen of the catheter in the distal regions of the catheter. In
another example, a deflectable tip design may also be a
suitable substitute. The latter variation can also include a
pullwire which 1s adapted to deflect the catheter tip by
applying tension along varied stiffness transitions along the
catheter’s length, as described above.

The proximal end portion of the elongated body termi-
nates 1 a coupler. In general, any of several known designs
for the coupler would be suitable for use with the present
fissue ablation device assembly, as would be apparent to one
of ordmnary skill. For example, a proximal coupler may
engage the proximal end portion of the elongated body of the
delivery member. The coupler includes an electrical con-
nector that electrically couples one or more conductor leads,
which stem from the ablation member and extend through
the electrical lead tube, with an ablation actuator. The
coupler also desirably includes another electrical connector
that electrically couples one or more temperature sensor
signal wires to a controller of the ablation actuator.

As known 1n the art, the ablation actuator 1s connected to
both of the electrical connectors and to a ground patch. A
circuit thereby 1s created which includes the ablation
actuator, the ablation member, the patient’s body, and the
oround patch that provides either earth ground or floating
cground to the current source. In the circuit, an electrical
current, such as a radiofrequency, (“RF”) signal may be sent
through the patient between the ablation member and the
oground patch, as well known 1n the art.

The coupler may also include a fluid coupler. The fluid
coupler 1s adapted to be coupled to a source of pressurized
fluid (e.g. saline solution) so as to irrigate the ablation
member, as described below. The fluid coupler communi-
cates with the fluid tube to supply the ablation member with
a source of pressurized fluid.

The ablation member has a generally tubular shape and
includes an ablation element. The phrase “ablation element”
as used herein means an element that 1s adapted to substan-
fially ablate tissue in a body space wall upon activation by
an actuator. The terms “ablate” or “ablation,” including
derivatives thereof, are hereafter intended to mean the
substantial altering of the mechanical, electrical, chemaical,
or other structural nature of tissue. In the context of intra-
cardiac ablation applications, “ablation” 1s intended to mean
suflicient altering of tissue properties to substantially block
conduction of electrical signals from or through the ablated
cardiac tissue. The term “element” within the context of




US 6,758,330 Bl

13

“ablation element” 1s herein intended to mean a discrete
clement, such as an electrode, or a plurality of discrete
clements, such as a plurality of spaced electrodes, which are
positioned so as to collectively ablate a region of tissue.
Therefore, an “ablation element” according to the defined
terms may 1nclude a variety of specific structures adapted to
ablate a defined region of tissue. For example, one suitable
ablation element for use 1n the present mmvention may be
formed, according to the teachings of the embodiments
below, from an “energy emitting” type that 1s adapted to emit
energy suilicient to ablate tissue when coupled to and
energized by an energy source.

Suitable “energy emitting” ablation elements for use in
the present invention may therefore include, for example,
but without limitation: an electrode element adapted to
couple to a direct current (“DC”) or alternating current
(“AC”) current source, such as a radiofrequency (“RF”)
current source; an antenna element which 1s energized by a
microwave energy source; a heating element, such as a
metallic element or other thermal conductor which 1s ener-
o1zed to emit heat such as by convection or conductive heat
transfer, by resistive heating due to current flow, a light-
emitting element (e.g., a laser), or an ultrasonic element such
as an ultrasound crystal element which 1s adapted to emat
ultrasonic sound waves sufficient to ablate a circumferential
region of tissue when coupled to a suitable excitation source.
It also 1s understood that those skilled in the art can readily
adapt other known ablation devices for use with the present
irrigated ablation member.

In a preferred mode, the ablation element includes a
plurality of electrodes that are arranged over a length of the
ablation member next to one another (1.e., are arranged in
series in the spatial sense). The length from the proximal-
most electrode to the distalmost electrode defines an ablation
length, which 1s less than a working length of the ablation
element, as described below.

At least one conductor lead connects to the electrodes.
The number of conductor leads 1s desirably equal to the
number of electrodes to allow for mdependent control of
cach electrode under some modes of operation. Each con-
ductor 1s a 36 AWG copper wire 1nsulated with a 0.0005"
thick polyimide coating. Each conductor exits the electrical
lead tube at a point near a corresponding electrode. A distal
end of each wire 1s exposed and 1s electrically coupled to the
corresponding electrode 1in the manner described below. The
proximal end of each conductor lead 1s connected to the
clectrical connector on the proximal end of the ftissue
ablation device assembly.

In one embodiment, an irrigation mechanism may be
employed to irrigate the ablation element. The irrigation
mechanism 1s adapted to provide a generally even tlow of
fluid about each of the electrodes along the length of the
ablation member. The 1rrigation mechanism can be config-
ured to discharge fluid either in a radial direction (i.c.,
generally normal to the longitudinal axis) or in the longitu-
dinal direction, or 1n both directions, as illustrated by the
below described variations of the ablation member.

The wrrigation mechanism desirably includes an inner
space defined within a porous, fluid-permeable membrane.
The membrane desirably has a generally tubular shape and
extends along at least a portion of the ablation member’s
length; however, the membrane need not be tubular or cover
the entire ablation member. The membrane though prefer-
ably 1s arranged to face the target tissue once the ablation
clement 1s delivered to and positioned within the particular
body space. The membrane has a length, as measured 1n the
longitudinal direction, which i1s greater than a distance
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between the proximal-most and distal-most electrodes of the
serics. The membrane’s length 1s defined between its proxi-
mal and distal ends.

The porous membrane includes an inner surface and an
outer surface that define the boundaries of a porous wall. The
wall 1s formed of a porous, biocompatible, generally non-
compressible material. As used herein, the term “non-
compressible” means that the material generally does not
exhibit appreciable or sufficient compressibility between its
inner and outer surfaces to conform to surface 1rregularities
of the tissue against which the ablation member 1s placed.
The material, however, 1s sufficiently flexible in the longi-
tudinal direction (i.e., deflectable) so as to track over and
along the first and second guidewires positioned within the
left atrium, and more preferably seated within two of the
pulmonary veins that communicate with the left atrium. In
other words, the material of the tubular porous membrane
allows 1t to bend through a winding access path during 1n
vivo delivery of the ablation member into the desired
ablation region.

The porous nature of the membrane’s material also per-
mits a fluid to pass through the membrane upon the appli-
cation of a suflicient pressure differential across the mem-
brane. Fluid thus does not freely flow through the
membrane. The degree of porosity of the membrane over its
length also desirably 1s uniform. This uniformity coupled
with the flow restrictiveness of the material results 1n the
fluid emanating from the member 1n a generally even tlow
over the entire membrane outer surface.

Exemplary porous materials suitable for this application
include expanded polytetrafluoroethylene (PTFE), porous
polyethylene, porous silicon, porous urethane, and tight
weaves of Dacron. Such porous materials are formed using
conventional techniques, such as, for example by blowing
the material or by drilling micro holes within the material.
The porosity of the material desirably ranges between about
5 and 50 microns. An acceptable form of the porous PTFE
material 1s available commercially from International Poly-
mer Engineering, of Tempe, Ariz., as Product Code 014-03.
It has been found that fluid will pass through this material
upon applying a relatively low pressure within the material
(e.g., 5 psi). In an exemplary form, the membrane is formed
of a tubular extrusion of this material which has an i1nner
diameter of about 0.058" and an outer diameter of about
0.068" for applications involving ablation of myocardial
fissue via an artertal or venous access path. For other
applications, such as, for example, ablation within small
coronary vessels, a significantly smaller diameter size can be
used.

The porous membrane 1s attached to the distal end portion
of the delivery member, as noted above. The proximal end
of the porous membrane 1s 1interposed between the distal end
portion of the elongated body and a secaling member. That 1s,
the tubular proximal end of the porous member 1s placed
over the distal end of the elongated body outer tube. The
scaling member then 1s slipped over this assembly and
arranged to lie generally above the overlapping sections of
the tube and the membrane.

The sealing member desirably 1s formed of a material
similar to or compatible with the material of the elongated
body 1n order to heat-melt bond these two components
together. In an exemplary form, the sealing member com-
prises Pebax of a similar grade used for the outer tube of the
clongated body. This bonding process occurs with the proxi-
mal end of the porous member positioned between the outer
tube distal end and the sealing member.

The porous membrane also desirably includes one or
more openings that extend through the wall of the porous
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membrane. These openings are formed (e.g., punched) on
the proximal end of the membrane prior to the bonding
procedure, and can take the form of holes or longitudinal
slots that extend into the membrane from the proximal end;
of course, other shapes of openings can also be used. The
similar plastic materials of the seal member and the elon-
gated body outer tube fuse together within these openings
and bond under and over the porous material of the mem-
brane during the bonding process. This coupling securely
attaches the porous membrane to the distal end portion of the
clongated body.

The porous membrane of course can be joined to the distal
end portion of the elongated body 1n any of a variety of other
ways well known to those skilled 1n the art. For instance, the
proximal end of the porous membrane can be bonded to the
outer tube distal end using a biocompatible adhesive, such

as, for example, cyanoacrylate available commercially from
Loctite® of Rockyhill, Conn., as Part No. 498.
An end cap closes the distal end of the porous membrane.

The end cap desirably has a tapering shape that decreases 1n
diameter distally. On its distal end, the end cap includes a
port that aligns with the distal end of the first guidewire tube
when assembled. The end cap also includes an 1mnner opening,
defined 1n part by a collar section. The inner diameter of the
collar section 1s sized to receive the distal ends of the tubings
and the outer diameter of the collar 1s sized to slip within the
distal end of the porous membrane.

The end cap desirably 1s formed of a biocompatible
plastic material, such as, for example, urethane or vinyl. In
a preferred mode, the end cap 1s formed of same material
that comprises the outer tube of the elongated body, such as,
Pebax of a grade between 3533 to 7233, and of an outer
diameter of about 0.064".

The end cap and the distal end of the porous membrane
desirably are secured together 1n a similar fashion to that
described above. As such, a heat melt bond 1s formed
between a second sealing member and the distal end cap,
with the distal end of the porous member being interposed
between these elements. The similar plastic materials of the
scaling member and the end cap fuse together within open-
ings 1n the porous membrane at 1ts distal end, as well as over
and under the porous membrane. Other bondings can also be
used as described above.

The first guidewire tube, the second guidewire tube, the
fluid tube, and the lead wire tube each extend within the
porous membrane 1n a longitudinal direction toward the
distal end cap.

The electrical lead tube functions as a wiring harness and
carries one or more conductors or wires that are attached to
the electrodes. The tube extends beyond the distal end
portion of the elongated body, through the porous membrane
and terminates at a point within the distal end cap. A plug
scals the distal end of the electrical lead tube. In an exem-
plary form, the plug 1s formed by filling the distal end of the
tube with Cyanoaerylat®.

The first guidewire tube preferably extends entirely
through the ablation member and the distal end cap, and
communicates with a distal port formed 1n the end cap. The
distal port 1s sized to receive a balloon anchor wire over
which the elongated body and the ablation member prefer-
ably track. The port, thus, allows a first guidewire and
preferably a balloon anchor wire to pass through the end cap.
In a variation, the first guidewire tube can replace the end
cap with the porous membrane attaching directly to the tube.
In such an embodiment, the other tube will stop short of the
distal end of the ablation member.

The second guidewire tube extends only partially through
the ablation member, and communicates with a second,
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distal port formed 1n the ablation member located proximal
to the proximal end of the ablation element. The second
cuidewire port 1s sized to receive a guiding introducer as
well as the second guidewire or deflectable guidewire over
which the ablation member tracks. The port, thus, allows the
ouiding introducer and the guidewire to pass out of the
ablation member.

The fluid tube defines a pressurizable fluid passageway.
The fluid tube extends beyond the distal end portion of the
clongated body, through the porous membrane and termi-
nates at a point within the distal end cap next to a distal end
of the electrical lead tube. Another plug seals the distal end
of the fluid tube. In an exemplary form, the plug i1s formed
by filling the distal end of the tube with Loctite®. The tube,
however, can terminate proximal of the electrodes but distal
of the proximal membrane seal.

The fluid tube includes at least one opening which opens
into the mner space defined within the porous membrane. In
this manner, the pressurizable fluid passageway or lumen
provided by the 1rrigation tube communicates with the inner
space of the ablation member. A single slot 1s formed near
a proximal end of the inner space; however, several slots or
holes can be formed along the section of the irrigation tube
that extends through the 1nner space.

A proximal end of the mner space desirably is sealed to
prevent a flow of fluid proximally. In the present variation,
the distal end of the inner space 1s also sealed. This allows
the pressure within the inner space to be increased to
promote fluild weeping through the wall of the porous
membrane, as described 1n greater detail below. The above-
described sealing technique provides an adequate seal. In the
alternative, a seal can be formed at each location by heat
shrinking polyethylene teraphthalate (PET) over the tubes.
The proximal seal has an outer diameter of a suflicient size
to plug the passage through the elongated body at the distal
end of the body and the distal seal has an outer diameter of
suflicient size to plug the opening defined by the collar in the
distal end cap.

Each electrode in the ablation element comprises a wire
coll formed 1n a helical pattern. The electrodes desirably
have 1dentical configurations, and thus, the following
description of one 1s understood to apply equally to all,
unless 1ndicated otherwise.

Each coil electrode has a sufficiently large inner diameter
to receive tubings, while its outer diameter 1s sized to {it
within the tubular porous membrane. In an exemplary form,
cach ablation element comprises a 0.005" diameter wire
made of a biocompatible material (e.g., stainless steel,
platinum, gold-plated nitinol, etc.). The wire is unshielded
and 1s wound 1n a helical fashion with about a 0.048" 1nner
diameter. The coils are spaced along the lengths of the
tubings that extend longitudinally through the porous mem-
brane. In an exemplary mode, each coil has a length, as
measured 1n the longitudinal direction, of about 0.28" and 1s
spaced from an adjacent coil by a distance of about 0.08".

The corresponding conductor wire passes through a hole
in the electrical lead tubing and 1s soldered to the coil with
a 95 Ag/5 Sn. The conductor wire can also be electrically
connected to the electrodes by other means, such as, for
example, by resistant, ultrasonic or laser welding. In
addition, the coil and the conductor can be unitary by
winding the distal end of the conductor 1n a helical pattern.
Known electrical connectors can also be used to electrically
couple the conductor to the corresponding electrode.

The electrodes of the ablation member desirably have
sufficient flexibility to bend to track through a venous or
arterial access path to an ablation target site. The electrodes
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can have a variety of configurations as long as they atford
similar flexibility. For instance, the electrode can have a
tubular or cylindrical shape formed by a plurality of braided
wires. The end bands link the ends of the wires together to
prevent the braided structure from unraveling. The end
bands can also electrically couple the wires together. The
bands though are sufficiently narrow so as not to meaning-
fully degrade the flexibility of the ablation element. Any
braided pattern can work, but a “diamond” pattern mesh 1s
preferred. The wires of the braid can either have rectangular
(“flat”) or rounded cross sections. The wire material can be
any of a wide variety of known biocompatible materials
(such as those identified above in connection with the coil
electrodes). In one mode, the braided electrode can be
“wounded” before inserting into the tubular porous mem-
brane. Once 1nserted, the electrode can be uncoiled to press
against the inner surface of the tube. In this manner, the
membrane can support the electrode.

An electrode can be constructed where the electrode 1s
formed from a flat wire mesh that has been rolled into an
arcuate structure. The structure may have a semi-cylindrical
shape; however, the structure can extend through either
more or less of an arc. Alternatively, the electrode may have
a “fishbone” pattern, wherein the electrode includes a plu-
rality of arcuate segments that extend from an elongated
section which generally lie parallel to a longitudinal axis of
the ablation member when assembled. The ends of each
arcuate segment can be squared or rounded.

An electrode may also be formed 1n an “arches” pattern.
A plurality of arch segments lie in series with two side rails
interconnecting the corresponding ends of the arch seg-
ments. The arch segments are spaced apart from one another
along the length of the electrode. Such embodiments can be
formed by etching or laser cutting a tube of electrode
material.

Common to all of the electrodes 1s the ability to flex. The
flexibility of these electrodes allows them to bend through
ticht turns in the venous or arterial access path without
collapsing. The electrodes also have low profiles so as to
minimize the outer diameter of the ablation member. Fluid
can also pass radially through the electrodes. Other types of
electrode designs that exhibit these features can also be used.
For example, the electrode can be formed 1in a manner
resembling a conventional stent by etching or laser cutting
a tube. The electrode also need not extend entirely about the
longitudinal axis of the ablation member; the electrode can
be generally flat and positioned on only one side of the
catheter. A serpentine shape would provide such a {flat
clectrode with the desired flexibility. However, 1n order for
the ablation member to be less orientation sensitive, each
clectrode desirably extends through at least 180 degrees
about the longitudinal axis of the ablation member.
Accordingly, the foregoing electrode designs are merely
exemplary of the types of electrodes that can be used with
the present ablation member.

Although the following variations of the irrigation abla-
tion member are described as including a coiled electrode, it
1s understood that any of foregoing designs, as well as
variations thereof, can be used as well with these devices.

The tissue ablation device assembly also desirably
mcludes feedback control. For instance, the ablation mem-
ber can include one or more thermal sensors (e.g.,
thermocouples, thermisturs, etc.) that are provided to either
the outer side or the inside of the porous membrane. Moni-
toring temperature at this location provides indicia for the
progression of the lesion. The number of thermocouples
desirably equals the number of electrodes so as to enhance
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the independent control of each electrode. It the temperature
sensors are located inside the porous membrane, the feed-
back control may also need to account for any temperature
gradient that occurs across the membrane.

The sensors placed on the exterior of the porous member
may also be used to record electrogram signals by recon-
necting the signal leads to different input port of the signal-
processing unit. Such signals can be useful 1n mapping the
target tissue both before and after ablation.

In the one embodiment, the temperature sensors each
comprise an annular thermocouple that i1s positioned about
the outer side of the porous membrane. In this location, the
thermocouple lies on the outside of the membrane where 1t
can directly contact the tissue-electrode interface. The ther-
mocouple 1s 1solated from direct metal-to-metal electrical
contact with the electrodes because the thermocouples are
separated by the porous membrane. Thus, separate 1nsula-
fion 1s not necessary.

The thermocouples desirably are blended into the outer
surface of the ablation member 1n order to present a smooth
proiile. Transition regions formed by either adhesive or
melted polymer tubing, “smooth out” the surface of the
ablation member as the surface steps up from the porous
member outer surface to the thermocouple surface.

Signal wires extend proximally from the thermocouples to
the electrical connector on the proximal end of the tissue
ablation device assembly. In the illustrated mode, the wires
are shielded and extend mto the porous membrane and then
into the electrical lead tube. These wires can be routed
proximally 1in other manners. For imstance, the wires can
form a braided structure on the exterior of the ablation
member and then be pulled together and routed proximally
along the side of the elongated body. The wires can also be
routed proximally inside one or more tubes that extend
parallel to and are attached to the elongated body. The wires
can also be sewn 1nto the wall of the outer tubing of the
clongated body. These represent a few variations on various
ways of routing the thermocouple wires to the proximal end
of the tissue ablation device assembly.

In use, the electrical and fluid connectors of the proximal
coupler are connected to the ablation actuator and the
pressurized fluid source, respectively. A conventional
cgrounding patch or other grounding device 1s placed against
the patient.

The ablation member can be constructed 1n other forms
while obtaining the above-noted advantages. For instance,
the ablation member can mclude a different shaft construc-
tion from that described above. The balloon anchor wire and
cuidewire tubes may extend longitudinally through the
ablation member positioned within a structure of braided
wires. Each of the wires 1s insulated, and the wires desirably
are woven 1n a diamond-like pattern.

The braided structure desirably includes at least an 1nner
or an outer coating of a plastic material so as to define a
pressurizable fluid passageway. An inner layer and an outer
layer of polymer are laminated over the braid structure to
define a generally fluid-impermeable structure. The polymer
layers stop at the distal end of the elongated body though.
The braided structure continues distally to form a support
structure for the ablation member. Fluid can pass through the
uncoated braided structure.

The braided structure supports the electrodes. The elec-
trodes are spaced along the length of the braided structure to
define the linear ablation element. One of the wires from the
braid 1s connected to a corresponding electrode. Any of the
above-described connectors can be used to electrically
couple an unshiclded end of the conductor wire to the
corresponding electrode.
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A spacer may be placed between adjacent electrode pairs
to prevent fluid from flowing through a corresponding
section of the braided structure not covered by an electrode.
The spacers can be formed of a polymer or an epoxy
attached directly to the braided structure. The absence of a
spacer, however, provides a fluid flow between the elec-
trodes that may be beneficial 1n some applications.

The porous membrane covers the electrodes supported by
the braided structure. A proximal end of the porous mem-
brane 1s secured to the distal end of the elongated body, as
defined by the distal end of the laminate structure. The
proximal end of the porous membrane can be attached 1n any
of the above-described manners.

Similarly, the distal end of the porous membrane 1s
attached to an end cap. The end cap includes an elongated
collar that recerves a distal end of the braided structure. The
distal end of the porous membrane extends over the collar
and 1s secured thereto 1n any of the above-described man-
ners.

The ablation member can also include one or more
thermocouples. The thermocouples are attached to the
porous membrane 1n the manner described above. The
thermocouple wires extend through the membrane and
through the braided structure, and are routed proximally
through the mner lumen of the braided structure that defines
the pressurizable fluid passageway. The proximal ends of the
thermocouple wires are connected to an electrical connector
of a proximal coupler.

Another variation of the ablation member 1nvolves an
extruded shaft including a plurality of lumens. The shaft can
be formed of Pebax or another suitably flexible thermoplas-
tic. The shaft includes four lumens: a first guidewire lumen,
a second guidewire lumen, a fluid lumen, and an electrical
lead lumen. Although the lumens are arranged 1n a side-by-
side arrangement, two or more of the lumens can have a
coaxial arrangement. Plugs close the distal ends of the
electrical lead lumen and the fluid lumen.

The shaft supports the electrodes. The electrodes are
spaced along the length of the shaft to define the linear
ablation element. A conductor lead extends through the wall
of the shaft from the electrical lead lumen at a point near the
corresponding electrode. Any of the above-described con-
nectors can be used to electrically couple an unshielded end
of the conductor wire to the corresponding electrode. Each
of the electrical leads 1s connected to the proximal coupler
located at the proximal end of the tissue ablation device
assembly.

The porous membrane covers the electrodes supported by
extrusion shaft. A proximal end of the porous membrane is
securely sealed about the outer surface of the shaft, and the
distal end of the porous member 1s securely sealed about the
shaft at a point proximal of the distal end of the shaft. The
ends of the porous membrane can be attached to the shaft in
any of the above-described manners.

This variation of the ablation member can also include
one or more thermocouples. The thermocouples are attached
to the porous membrane in the manner described above. In
the 1llustrated variation, the thermocouple wires extend
through the membrane and through a hole 1n the shaft that
opens 1nto the electrical lead lumen, and are routed proxi-
mally through the lumen. The proximal ends of the thermo-
couple wires are connected to an electrical connector of a
proximal coupler.

The shaft also imncludes an opening located just distal of
the annular attachment of the proximal end of the porous
member to the shaft. The opening extends from the fluid
lumen and opens into an inner space defined within the
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porous membrane. In this manner, fluid can flow from the
fluid lumen and mto the inner space so as to pressurize the
inner space before passing through the membrane 1n the
manner described above.

In each of the above-described variations of the ablation
member, the porous membrane covers the electrodes. The
porous membrane, however, can lie 1nside or beneath the
clectrodes while still providing an even flow past each of the
electrodes. This modification can be incorporated 1nto each
of the variations described above. Thus, for example, the
porous membrane located between the electrodes and the
braided structure. The porous membrane lies atop the
braided structure. The electrodes are placed about the
braided structure and the porous membrane. The ablation
member desirably includes a reduced diameter section 1n
which the electrodes reside to maintain a generally uniform
proiile along the distal end of the tissue ablation device
assembly. Spacers can also be positioned within this section
to lie between adjacent pairs of electrodes. As noted above,
such spacers prevent fluid from flowing through the porous
membrane at locations other than those about which an
electrode 1s located. The ablation member, however, can be
configured without spacers so as to provide a fluid flow
between adjacent electrodes.

Further variations of the ablation member may include a
design where the distal end of the ablation member 1s open;
however, 1t desirably has a tapering diameter. The smaller
diameter permits some pressure to build within the fluid
passageway such that at least some of the fluid within the
passageway emanates radially through the braided structure
and the porous membrane, and across the electrodes. The
distal end also can be rounded to ease tracking through a
venous or arterial access path.

The braided structure form supports the porous membrane
over 1ts entire length. Other support can also be used. For
example, internal or external rings can be spaced at various
points along the length of the porous membrane to support
further the membrane. In the alternative, a mandrel can also
be used for this purpose. A proximal end of the mandrel can
be embedded with the laminate structure and project in the
distally.

Alternatively, a fluid delivery tube 1s located within the
braided structure and can be moved by its proximal end
located outside the patient, so as to vary the location of the
distal end of the tube. The distal end of the tube 1ncludes one
or more openings which allow fluid to be delivered by the
tube 1nto the pressurizable passageway. By moving the distal
end of the fluid tube, the amount of fluid flowing across a
particular electrode can be varied. To further promote this
effect, the fluid tube can include baftles located on the
proximal and distal sides of the fluid openings. These baftles
enhance a radial flow of the fluid through porous membrane.
Of course, these features can also be incorporated into
several of the other variations described above.

The foregoing describes variations of an ablation member
used to form linear ablations within a body space. The
ablation member can be incorporated into a variety of
delivery devices so as to locate and position the ablation
member within the body space. At least one of the proximal
and distal ends of the ablation member desirably 1s con-
nected to the delivery device. That end 1s maneuverable
within the body space by manipulating a proximal end of the
delivery device.

In order to add the proper positioning of the ablation
clement within the porous membrane, the catheter tip and
the porous membrane desirably include indicia which cor-
respond to each other once the distal end of the ablation
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member has been advanced to a point positioning 1t within
the membrane. For in vivo applications, such indicia can
take the form of radiopaque markers positioned at corre-
sponding locations on the catheter and the porous membrane
(or another location on the sheath).

Positioning System

The positioning system of FIG. 6 illustrates the relation-
ship among a transeptal sheath 82, a preshaped guiding
introducer 10 and a deflectable guidewire 30. The deflect-
able guidewire 30 1s shown passing through and shideably
engaged within the preshaped guiding introducer 10. The
distal end 84 of the deflectable guidewire 30 1s aimed by the
preshaped guiding introducer 10 toward a predetermined
pulmonary vem. The distal end 84 can be deflected 86
(shown in shadow) to steer the guidewire into the first or
seccond pulmonary vein and/or to anchor the guidewire
within the pulmonary vein. In one variation, the guidewire
1s a balloon anchor wire having an inflatable balloon at the
distal end of the guidewire. The balloon anchor wire may be
advanced through the preshaped guiding introducer 10 and
into a pulmonary vein. Subsequently, the balloon 1s mnflated
and the guiding mtroducer 10 1s removed, by retraction over
the anchored balloon, by peeling away, where the guiding
introducer has a longitudinal slit, or by any other method
known 1n the art.

A preferred variation of the positioning system of the
present 1nvention 1s shown 1n situ 1n FIG. 7. The transeptal
sheath 82 traverses the atrial septum 90 that separates the
right and left atria. The distal end 92 of the transeptal sheath
opens 1nto the left atrium. Emerging from the transeptal
sheath and slideably engaged therein 1s the ablation catheter
94. The. distal end 96 of the ablation catheter 94 1s shown
engaging a first ostium 98 of a first pulmonary vein 100. A
balloon anchor wire 102, having a balloon 104 on 1ts distal
end 106 1s slideably engaged within the ablation catheter 94,
exiting the catheter through the first guidewire port 99. The
balloon anchor wire 102 may have been positioned within
the first pulmonary vein as described above, or as detailed 1n
pending U.S. Provisional application Ser. No. 60/113,610,
herein mcorporated 1n 1its entirety by reference thereto. The
balloon 104 1s located within the first pulmonary vein 100
and inflated so as to anchor the ablation catheter 94 1n
position within the first ostium 98 of the first pulmonary vein
100. Consequently, the distal end 108 of a linear ablation
clement 110 1s secured against the atrial wall at a location
where the first pulmonary vein 100 extends from the atrrum.

A preshaped guiding introducer 10, having a longitudinal
slit 20 to permit peel-away removal, 1s shown emerging
from a second guidewire port 112 1n the ablation catheter 94.
The second guidewire port 112 1s located proximal to the
proximal end 114 of the ablation element 110. The distal
orifice 22 of the preshaped guiding introducer 1s manipu-
lated to point toward, or optionally reside within, the second
ostium 116 of the second pulmonary vein 118. A second
cuidewire 120, shideably engaged within the preshaped
cuiding introducer 10, 1s positioned within the second pul-
monary vein 118. By tracking distally over the preshaped
cuiding introducer 10 and/or the guidewire 120, the proxi-
mal end 114 of the ablation element 110 can be positioned
and secured at a location where the second pulmonary vein
118 extends from the atrium. The preshaped guiding intro-
ducer 10 can optionally be removed after the guidewire 120
has been positioned within the pulmonary vein 118.
Removal of the guiding introducer 10 may be accomplished
by retraction and/or peeling away as described above.

Another variation of the positioning system of the present
invention 1s shown 1n situ in FIG. 8. Again, the transeptal
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sheath 82 traverses the atrial septum 90 that separates the
right and left atria. The distal end 92 of the transeptal sheath
opens 1nto the left atrium. Emerging from the transeptal
sheath and slideably engaged therein is the ablation catheter
94. The distal end 96 of the ablation catheter 94 1s shown
engaging a region of tissue, for example, a first ostium 98,
where the first pulmonary vein 100 extends from the atrrum.
Aballoon anchor wire 102, having a balloon 104 on 1ts distal
end 106 1s slideably engaged within the ablation catheter 94.
The balloon 104 is located within the first pulmonary vein
100 and inflated so as to anchor the ablation catheter 94 1n
position within the first ostium 98 of the first pulmonary vein
100. Consequently, the distal end 108 of the linear ablation
clement 110 1s secured at a location where the first pulmo-
nary vein 100 extends from the atrum.

A deflectable guidewire 30 1s shown emerging from the
second guidewire port 112 1n the ablation catheter 94. The
deflectable guidewire 30 1s slideably engaged within the
ablation catheter 94 and the distal end 122 1s adapted to be
steerable by manipulating a pullwire (not shown) at the
proximal end of the guidewire. Preferably, the deflectable
cuidewire 30 1s advanced into the second pulmonary vein
118 and anchored therein by deflection of the distal end 122.
By tracking over the deflectable guidewire 30, the proximal
end 114 of the ablation element 110 can be positioned and
secured at a location, for example, the second ostium 116,
where the second pulmonary vein 118 extends from the
atrium. The deflectable guidewire 30 may have been posi-
tioned within the second pulmonary vein using a preshaped
cuiding mtroducer as described above.

Method of Using the Positioning System of the Present
Invention

A patient diagnosed with atrial fibrillation due to perpetu-
ally wandering reentrant wavelets originating from an
arrhythmogenic origin or focus 1n the left atrium and more
particularly 1in a pulmonary vein may be treated with a tissue
ablation device assembly of the present invention by using,
the assembly to form a longitudinal conduction block along
a path of the wall tissue of the pulmonary vein that either
includes the arrhythmogenic origin or i1s between the origin
and the left atrium. In the former case, the conduction block
destroys the arrhythmogenic tissue at the origin as it 1is
formed through that focus. In the latter case, the arrhyth-
mogenic focus may still conduct abnormally, although such
aberrant conduction 1s prevented from entering and affecting
the atrial wall tissue due to the mntervening conduction block.

In positioning the ablation element at the ablation region,
an 1ntroducer sheath 1s first positioned within the left atrium
according to a transeptal access method, which will be
described 1n more detail below, and through the fossa ovalis.
The right venous system 1s first accessed using the
“Seldinger” technique, wherein a peripheral vein (such as a
femoral vein), is punctured with a needle and the puncture
wound 1s dilated with a dilator to a size sufficient to
accommodate an introducer sheath. An introducer sheath
that has at least one hemostatic valve 1s seated within the
dilated puncture wound while relative hemostasis 1s main-
tained. With the introducer sheath 1 place, a guiding cath-
cter 1s 1ntroduced through the hemostatic valve of the
introducer sheath and 1s advanced along the peripheral vein,
into the region of the vena cavae, and into the right atrium.

Once 1n the right atrium, the distal tip of the guiding
catheter 1s positioned against the fossa ovalis in the intra-
atrial septal wall. A “Brochenbrough” needle or trocar 1s
then advanced distally through the guiding catheter until 1t
punctures the fossa ovalis. A separate dilator can also be
advanced with the needle through the fossa ovalis to prepare
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an access port through the septum for seating the transeptal
sheath. Thereatfter, the transeptal sheath replaces the needle
across the septum and 1s seated 1n the left atrium through the
fossa ovalis, thereby providing access for object devices
through its own 1nner lumen and into the left atrium.

It 1s also contemplated that other left atrial access methods
may be ufilized for using the positioning system of the
present 1nvention. In one alternative variation, a “retro-
ograde” approach may be used, wherein a guiding catheter 1s
advanced 1nto the left atrtum from the arterial system. In this
variation, the Seldinger technique i1s employed to gain
vascular access 1nto the arterial system, rather than the
venous system, such as at a femoral artery. The guiding
catheter 1s advanced retrogradely through the aorta, around
the aortic arch, into the left ventricle, and then into the left
atrium through the mitral valve.

After gaining access to the left atrtum, a balloon anchor
wire or other guidewire 1s advanced into a first predeter-
mined pulmonary vein. This 1s generally done through a
preshaped guiding introducer which 1s coaxial within the
transeptal sheath seated i1n the fossa ovalis, such as for
example, the preshaped guiding introducers described in
FIGS. 1-3, or by using a deflectable guidewire or catheter
such as those described 1n FIGS. 4-5, or those disclosed 1n
U.S. Pat. No. 5,575,766 to Swartz. Alternatively, the
cuidewire may have sufficient stiffness and maneuverability
in the left atrial cavity to unitarily select the desired pulmo-
nary vein distally of the transeptal sheath seated at the fossa
ovalis.

The guidewire, balloon anchor wire or deflectable
cguidewire may be preloaded within the guiding introducer or
inserted 1nto the proximal end of the guiding introducer after
it has been positioned. Subsequently, the guidewire 1is
advanced through the guiding introducer until the distal end
exits the distal orifice of the guiding introducer, the
cuidewire being aimed by the guiding imntroducer toward the
first pulmonary vein.

The balloon anchor wire or other guidewire 1s then
advanced 1nto the first pulmonary vein to a suitable anchor-
ing position. The fixed corewire variation of the balloon
anchor wire 1s directly advanced into the first pulmonary
vein. Alternatively, where the over-the-wire variation 1s
used, the guidewire 1s advanced 1nto the pulmonary vein first
and then the tubular member with the distal balloon follows,
tracking over the guidewire and into the pulmonary vein.
Anchoring of the guidewire 1s accomplished in either case
by inflating the balloon to a predetermined air pressure or
volume of a saline/contrast mixture. Where a deflectable
cuidewire 1s employed, the distal region of the guidewire 1s
deflected after 1t 1s positioned well within the pulmonary
vein. Effective anchoring is tested by gently tugeing on the
cuidewire. If the guidewire 1s not sufficiently anchored, the
balloon 1s deflated or the deflection released, and the wire 1s
advanced further mto the pulmonary vein or one of 1its
branches. Inflating and/or deflecting, testing and reposition-
ing are performed in this manner until the guidewire 1is
sufficiently anchored. If necessary the balloon anchor wire
or deflectable guidewire may be advanced into a different
branch of the first pulmonary vein to find a secure anchoring,
position.

Once the guidewire 1s securely anchored, the shaped
ouiding introducer may be retracted back through the tran-
septal sheath and removed. The peel-away variety may be
partially retracted and then peeled away from the guidewrire.
Alternatively, where the proximal end of the balloon anchor
wire has a removable Y-adapter (inflation/deflation hub), the
Y-adapter 1s removed by releasing the pressure on the
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balloon, loosening the distal and proximal O-ring knobs on
the adapter, and sliding the adapter off the balloon anchor
wire. Care must be taken not to displace the balloon on the
distal end of the anchor wire when removing the adapter
from the proximal end of the anchor wire. Once the
Y-adapter has been removed, the guiding introducer may be
withdrawn completely by sliding it off the proximal end of
the balloon anchor wire.

The ablation catheter, which 1s adapted to slideably
engage the balloon anchor wire or other guidewire, 1s then
slid over the proximal end of the guidewire. Once the
ablation catheter 1s advanced past the proximal end of the
balloon anchor wire, the Y-adapter 1s reattached and the
balloon 1s reinflated. Similarly, where a deflectable
cuidewire with a removable handle, like that illustrated in
FIG. 5, 1s employed, the handle 1s reattached once the
ablation catheter 1s advanced past the proximal end of the
deflectable guidewire. The distal end of can then be
deflected again to anchor the guidewire. The user should
ogently tug on the guidewire to msure that it 1s still securely
anchored 1n the first pulmonary vein.

The ablation catheter 1s then advanced over the guidewire,
through the transeptal sheath, and continuing until the distal
end of the ablation catheter, including the distal end of the
ablation element, engages the first pulmonary vein ostium. A
combination of pushing and pulling alternatively on both the
cuidewire and the ablation catheter may be employed to
facilitate advancement of the ablation catheter. In a variation
of the method, a stylet may be placed inside the ablation
catheter to further assist in advancing it along the guidewire
toward the first pulmonary vein ostium. Once the distal end
of the ablation catheter engages.the first pulmonary vein
ostium and 1s securely seated therein, the proximal portions
of the ablation catheter, including the proximal end of the
ablation element, are further advanced into the left atrium,
causing the ablation catheter to prolapse against the atrial
wall. If a stylet was used inside the ablation catheter to
facilitate advancement and positioning of the ablation
catheter, retracting the stylet now may permit the catheter to
conform more readily to the atrial wall.

Where a second guidewire 1s being employed to facilitate
positioning of the proximal end of the ablation element, the
cguidewire 1s advanced 1nto a second pulmonary vein prior to
prolapsing the ablation catheter against the atrial wall. This
1s preferably accomplished by advancing a preshaped guid-
ing introducer, which was preloaded within the ablation
catheter, distally through the second guidewire passageway
in the ablation catheter until the curved distal end of the
ouiding mtroducer emerges from the second guidewire port,
located proximal to the proximal end of the ablation ele-
ment. The guiding introducer can then be advanced,
retracted and/or torqued 1n such a manner as to cause the
distal orifice of the guiding introducer to point toward the
second ostium of the second pulmonary vein. In one
variation, the guiding introducer can be advanced into the
pulmonary vein. The second guidewire 1s then advanced
through the guiding introducer into the pulmonary vein. The
deflectable guidewire may be used alone within the second
cuidewire passageway or may be slideably engaged within
a guiding introducer as described above.

Once the guidewire 1s 1n place within the second pulmo-
nary vein, the proximal end of the ablation element is
advanced more accurately toward the second pulmonary
vein ostium by tracking along the guidewire. As described
above a stylet may be employed within the ablation catheter
to push the proximal end of the ablation element toward the
second ostium of the second pulmonary vein.
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Delivery of RF energy to the endocardial tissue of the
pulmonary vein 1s commenced once the ablation member 1s
positioned at the desired ablation region. Good contact
between the ablation element and the underlying tissue
facilitates the creation of a continuous transmural lesion. RF
energy from the ablation actuator i1s delivered to electrodes
via electrical leads. The ablation actuator desirably includes
a current source for supplying a RF current, a monitoring
circuit, and a control circuit. The current source 1s coupled
to the linear ablation element via a lead set, and to a ground
patch. The monitor circuit desirably communicates with one
or more sensors (€.g., temperature or current sensors) which
monitor the operation of the linear ablation element. The
control circuit 1s connected to the monitoring circuit and to
the current source 1n order to adjust the output level of the
current driving the electrodes of the linear ablation element
based upon the sensed condition (¢.g., upon the relationship
between the monitored temperature and a predetermined
temperature set point).

At the same time, conductive fluid, such as saline, 1s
directed into the fluid coupler and through the fluid lumen.
In some 1nstances, 1t may be desirable to begin to apply
positive fluid pressure even before RF ablation 1s com-
menced 1n order to prevent blood accumulation 1n or on the
ablation member.

In one variation, the saline passes through openings in the
fluid tubing to an 1nner space within the porous membrane.
When the pressure within the inner space reaches a prede-
termined pressure, the fluid weeps out of the porous mem-
brane. The fluid can be uniformly distributed along the
longitudinal length of the ablation element because the fluid
does not immediately flow through the porous membrane,
but instead remains within the 1nner space until the prede-
termined pressure 1s reached. This provides for both a
uniform flow of fluid through the length of the porous
membrane and a uniform flow of RF energy along the
ablation element. That 1s, the porous membrane diffuses the
saline across each individual electrode, as well as across the
array of electrodes. While the conductive fluid or saline 1s
used to create a uniform conductive path between the
clectrodes and the target tissue, the saline can be alterna-
tively or additionally utilized to cool the ablation electrodes.
The fluid flows both through the helical coil of the ablation
clement and between the plurality of ablation elements of
the ablation member, thereby facilitating the cooling of the
clectrodes by the fluid. The bath of saline may possibly cool
the electrodes so as to be capable of delivering high levels
of current or be capable of longer durations to produce
deeper lesions.

Once a lesion has been formed along the target length, the
ablation catheter may be repositioned and additional lesions
formed.

In accordance with another mode of the ablation catheter,
an ultrasound sonically couples with the outer skin of the
balloon 1n a manner that forms a circumferential conduction
block m a pulmonary vein as follows. FIG. 9 shows an
ablation catheter 1n accordance with this mode of the present
invention. An ultrasound transducer i1s located along the
distal end portion of the catheter shaft within an inflatable
balloon. Initially, the ultrasound transducer is believed to
emit 1ts energy 1n a circumiferential pattern that 1s highly
collimated along the transducer’s length relative to 1ts lon-
oitudinal axis L. The circumferential band therefore main-
tains 1ts width and circumierential pattern over an appre-
clable range of diameters away from the source at the
transducer. Also, the balloon 1s preferably inflated with fluid
that 1s relatively ultrasonically transparent, such as, for
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example, degassed water. Therefore, by actuating the trans-
ducer while the balloon 1s 1nflated, the circumferential band
of energy 1s allowed to translate through the inflation fluid
and ultimately sonically couple with a circumierential band
of balloon skin which circumscribes the balloon. Moreover,
the circumierential band of balloon skin material may also
be further engaged along a circumierential path of tissue
which circumscribes the balloon, such as, for example, if the
balloon 1s inflated within and engages a pulmonary vein
wall, osttum, or region of atrial wall. Accordingly, where the
balloon 1s constructed of a relatively ultrasonically trans-
parent material, the circumferential band of ultrasound
energy 1s allowed to pass through the balloon skin and into
the engaged circumierential path of tissue such that the
circumferential path of tissue 1s ablated.

While a number of variations of the invention have been
shown and described in detail, other modifications and
methods of use contemplated within the scope of this
invention will be readily apparent to those of skill 1n the art
based upon this disclosure. It 1s contemplated that various
combinations or subcombinations of the specific embodi-
ments may be made and still fall within the scope of the
invention. For example, the embodiments variously shown
to be “guidewire” tracking variations for delivery into a left
atrium and around or within a pulmonary vemn may be
modified to instead incorporate a deflectable/steerable tip
instead of guidewire tracking and are also contemplated.
Moreover, all assemblies described are believed useful when
modified to treat other tissues 1n the body, 1n particular other
regions of the heart, such as the coronary sinus and sur-
rounding arcas. Further, the disclosed assemblies may be
uselul 1n treating other conditions, wherein aberrant electri-
cal conduction may be implicated, such as for example,
heart flutter. Indeed, other conditions wheremn catheter-
based, directed tissue ablation may be indicated, such as for
example, 1n the ablation of fallopian tube cysts. Accordingly,
it should be understood that various applications, modifica-
tions and substitutions may be made of equivalents without
departing from the spirit of the invention or the scope of the
following claims.

What 1s claimed 1s:

1. A positioning system for guiding a catheter to a location
where a pulmonary vein extends from an atrium, comprising
a deflection device, a sheath adapted to be deflected by the
deflection device, and a guidewire, wherein the deflection
device can be removably engaged within the sheath and
wherein the detlection device and the sheath cooperate to
facilitate positioning of the guidewire within the pulmonary
vein when the guidewire 1s advanced through the sheath and
into the atrium.

2. The positioning system of claim 1, wherein the detlec-
tion device comprises a pre-shaped stylet.

3. The positioning system of claim 1, wherein the deflec-
tion device comprises a pre-shaped tubular guide member.

4. The positioning system of claim 1, wherein the deflec-
tion device 1s integral with the sheath.

5. The positioning system of claim 4, wherein the sheath
further comprises proximal and distal ends and a moveable
pullwire attached to the distal end of the sheath, and wherein
the proximal end of the sheath i1s adapted to facilitate
manipulation of the pullwire, such that manipulation of the
pullwire causes deflection of the distal end of the sheath.

6. The positioning system of claim 1, wherein the deflec-
tion device 1s integral with the catheter.

7. The positioning system of claim 6, wherein the catheter
further comprises proximal and distal ends and a moveable
pullwire attached to the distal end of the catheter, and
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wheremn the proximal end of the catheter 1s adapted to
facilitate manipulation of the pullwire, such that manipula-
tion of the pullwire causes deflection of the distal end of the
catheter.

8. The positioning system of claim 1, wherein the catheter
further comprises an electrode element.

9. The positioning system of claim 8, wherein the elec-
trode element comprises a mapping electrode.

10. The positioning system of claim 8, wherein the
clectrode element comprises an ablation electrode.

11. The positioning system of claim 8, wherein the
clectrode element comprises both a mapping electrode and
an ablation electrode.

12. The positioning system of claim 8, wherein the
clectrode element 1s an RF ablation element.

13. The positioning system of claim 1, wherein the
catheter further comprises an ablation element.

14. The positioning system of claim 13, wherein the
ablation element comprises a microwave ablation element.

15. The positioning system of claim 13, wherein the
ablation element comprises a cryogenic ablation element.

16. The positioning system of claim 13, wherein the
ablation element comprises a thermal ablation element.

17. The positioning system of claim 13, wherein the

ablation element comprises a light-emitting ablation ele-
ment.

18. The positioning system of claim 13, wherein the
ablation element comprises an ultrasound transducer.

19. The positioning system of claim 13, wherein the
ablation element 1s adapted to form a linear lesion.

20. The positioning system of claim 13, wherein the
ablation element 1s adapted to form a circumierential lesion.

21. The positioning system of claim 20, wherein the
ablation element 1s adapted to form the circumierential
lesion at the location.

22. The positioning system of claim 1, wherein the
cuidewire 1s selected from the group consisting of a
cguidewire, an anchor wire, and a deflectable guidewrre.

23. The positioning system of claim 22, wherein the
anchor wire comprises a elongate body with proximal and
distal end portions and having an expandable member along
the distal end portion, such that radial expansion of the
expandable member 1s adapted to anchor the guidewire
within the pulmonary vein.

24. A positioning system for guiding an ablation catheter
to a location where a lumen extends from a body cavity,
comprising a deflection device and a sheath having an
opening at a distal end, the ablation catheter being indepen-
dently advanceable through the sheath and out the distal end,
wherein the deflection device can be removably engaged
within the sheath and wherein the deflection device and the
sheath cooperate to facilitate positioning of the ablation
catheter at the location when the catheter 1s advanced
through the sheath and into the body cavity and guided
toward the location.

25. The positioning system of claim 24, wherein the
deflection device comprises a pre-shaped stylet.

26. The positioning system of claim 24, wherein the
deflection device comprises a pre-shaped tubular guide
member.

27. The positioning system of claim 24, wherein the
deflection device 1s integral with the sheath.

28. The positioning system of claim 27, wherein the
sheath further comprises proximal and distal ends and a
moveable pullwire attached to the distal end of the sheath,
and wherein the proximal end of the sheath 1s adapted to
facilitate manipulation of the pullwire, such that manipula-
tion of the pullwire causes deflection of the distal end of the
sheath.
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29. The positioning system of claim 24, wherein the
deflection device 1s integral with the ablation catheter.

30. The positioning system of claim 29, wherein the
ablation catheter further comprises proximal and distal ends
and a moveable pullwire attached to the distal end of the
ablation catheter, and wherein the proximal end of the
catheter 1s adapted to facilitate manipulation of the pullwire,
such that manipulation of the pullwire causes deflection of
the distal end of the catheter.

31. The positioning system of claim 24, wherein the
ablation catheter has an ablation element.

32. The positioning system of claim 31, wherein the
ablation element comprises a microwave ablation element.

33. The positioning system of claim 31, wherein the
ablation element comprises a cryogenic ablation element.

34. The positioning system of claim 31, wherein the
ablation element comprises a thermal ablation element.

35. The positioning system of claim 31, wherein the
ablation electrode comprises a light-emitting ablation ele-
ment.

36. The positioning system of claim 31, wherein the
ablation element comprises an ultrasound transducer.

37. The positioning system of claim 31, wherein the
ablation element 1s an RF ablation element.

38. The positioning system of claim 31, wherein the
ablation element 1s adapted to form a linear lesion.

39. The positioning system of claim 31, wherein the
ablation element 1s adapted to form a circumferential lesion.

40. The positioning system of claim 39, wherein the
ablation element 1s adapted to form the circumiferential
lesion at the location.

41. A positioning system for guiding an ablation catheter
to a location where a pulmonary vein extends from an
atrium, comprising a deflection device and a transeptal
sheath having proximal and distal ends, wherein the detflec-
fion device 1s removably positionable within the transeptal
sheath without extending beyond the distal end of the sheath.

42. The positioning system of claim 41, wherein the
deflection device comprises a pre-shaped stylet.

43. The positioning system of claim 41, wherein the
deflection device comprises integral with the sheath.

44. The positioning system of claim 43, wherein the
sheath further comprises proximal and distal ends and a
moveable pullwire attached to the distal end of the sheath,
and wherein the proximal end of the sheath 1s adapted to
facilitate manipulation of the pullwire, such that manipula-
tion of the pullwire causes deflection of the distal end of the
sheath.

45. A positioning system for placing a linear ablation
clement 1n contact with a length of tissue along an atrial
wall, comprising:

a transeptal sheath having a distal port, the transeptal

sheath being adapted for traversing an atrial septum;

a first guiding introducer adapted for slidable advance-
ment through the transeptal sheath and out the distal
port;

a first guidewire adapted for slidable advancement
through the guiding introducer, the guiding introducer
being shaped to direct the first guidewire toward a first
pulmonary vein, the first guidewire having an expand-
able balloon disposed along a distal end portion and
adapted for engagement with the first pulmonary vein;

an ablation catheter adapted for advancement over the
first guidewire and into the left atrtum, the ablation
catheter having the linear ablation element disposed
along a distal end portion and a side port located
proximal to the ablation element; and
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a second guidewire adapted for advancement through the facilitating the advancement of the second guidewire into
ablation catheter and out through the side port for the second pulmonary vein.
insertion 1nto a second pulmonary vein for engagement 47. The positioning system of claim 45, wherein the
therein. second guidewire 1s deflectable for facilitating advancement

46. The positioning system of claim 45, further compris- 5 out the side port and 1nto the second pulmonary vein.
ing a second guiding introducer which 1s advanceable
through the ablation catheter and out the side port for S I
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